Recently, retroviruses were independently isolated from human T-cell leukemias by two groups. One retrovirus is human T-cell leukemia virus (HTLV) isolated by Gallo and colleagues from patients with cutaneous T-cell lymphoma (1, 2) , and the other is adult T-cell leukemia virus (ATLV) isolated from patients with adult T-cell leukemia (ATL) (3, 4) . Recently, these two viruses have been shown to be closely related (5) . ATLV was shown to be associated with ATL, which is a unique disease with T-cell malignancy (6) , and the provirus genome was always detected in the chromosomal DNA of the leukemia cells (4) . Recently, we reported molecular cloning of provirus DNA integrated in the cell line MT-1 and the nucleotide sequence of the long terminal repeat (LTR) with 754 bases (7), and we also proposed that ATLV might be distinct from other known animal retroviruses (7) . From these previous observations, identification of genetic structure and the gene products seemed to be of great importance in understanding the origin of the virus and the mechanisms of leukemogenesis by this virus. For this purpose, we isolated a clone (AATK-1) of the provirus genome integrated in ATL cell DNA. This paper reports the complete 9,032-nucleotide sequence of the proviral genome cloned in AATK-1 and the amino acid sequence predicted for the putative proteins. MATERIALS AND METHODS Cloning and Sequence Analysis of Provirus DNA of ATLV Integrated in Leukemia Cells. DNA was extracted from peripheral blood cells of a patient (K.K.) with ATL, digested with EcoRI, and separated by electrophoresis in agarose gel. DNA fractions of the 17-kilobase fragment containing the provirus were extracted, ligated to the EcoRI site of Charon 4A phage DNA, and subjected to in vitro packaging as described by Blattner et al (8) . Screening with viral [3P]cDNA, recombinant phage AATK-1 was isolated. The DNA fragment cloned in AATK-1 was excised by EcoRI and cleaved into several fragments with restriction endonucleases for subcloning in plasmid pBR322. The nucleotide sequence of the fragments was determined by the procedure of Maxam and Gilbert (9) . RESULTS Molecular Cloning and Sequence Analysis Strategy. Previously we reported the molecular cloning (AATM-1) of the provirus genome from cell line MT-1 and identified the LTR structure (7) . However, this time we have isolated a new provirus clone AATK-1 directly from DNA of leukemia cells of an ATL patient for further analysis.
A simple restriction cleavage map of the inserted fragment in AATK-1 was constructed to subelone the regions containing provirus into pBR322. As shown in Fig. 1 , BamHI divided the viral sequence into three fragments and these were subcloned into pBR322; thus, pATK-03, pATK-06, and pATK-08 were obtained. Plasmid pATK-100, constructed from the Pst I fragment of the AATK-1 insert, contained two BamHI junctions between the subclones described above. The plasmids pATK-03, pATK-06, and pATK-08 were digested with Pst I, Sal I, and Sma I, respectively, and the fragments were subjected to sequence analysis in both strands after further digestions with Hpa II, Sau3AI, HinfI, or other restriction endonucleases. The determined sequences of pATK-03, pATK-06, and pATK-08 were overlapped by sequence analysis across the two BamHI sites in the clone pATK-100. Fig. 2 shows the 9,032-nucleotide sequence of the constructed whole provirus genome with two LTRs, together with the cellular flanking sequences.
DISCUSSION
Provirus Structure. The LTR structure (U3-R-U5) is thought to play essential roles in integration of provirus DNA into the host chromosomal DNA and also in regulation of transcription of the provirus genome (10, 11) . The The unique structures of the LTR previously reported (7) have also been confirmed in this paper. These are (i) the extremely long size of R (terminally redundant sequence of genomic RNA) with 229 bases and (ii) the absence of the poly(A) signal around the poly(A) site, which is the end of R. With few exceptions, all eukaryotic mRNA containing poly(A) contained the poly(A) signal A-A-T-A-A-A at 10-30 bases upstream of the poly(A) site, but from the sequence of ATLV LTR, we speculated in the previous paper (7) that the poly(A) signal is dispensable for polyadenylylation. However, the nucleotide sequence in the LTR was found to be arranged into a possible secondary structure (Fig. 4) , which may explain why transcription terminates within the 3' LTR but does not terminate in the 5' LTR. In the 3' LTR, the RNA transcript that had been initiated at the 5' LTR would form a hairpin structure, as shown in Fig. 4 ; thus, the poly(A) signal A-A-T-A-A-A, which is located before the "TATA" box or at 276 bases upstream of the poly(A) site, is arranged into 20 bases before the poly(A) site. In this structure, the signal A-A-T-A-A-A might become effective in the RNA level. But in the 5' LU, transcription starts from the cap site, which is located in the loop; therefore, the RNA transcript lacks the poly(A) signal, thus allowing further transcription. A model for inactivation of the A-A-T-A-A-A signal by a possible secondary structure was also proposed in the LTR of murine leukemia virus by Benz et al. (12) . Our model for ATLV suggests that signals separated by a long nucleotide sequence could be aligned into functional form by conformational rearrangements; therefore, a definite structure in the primary sequences might not necessarily be required. However, this could be an exceptional case.
Capacity of the Genome To Code the Proteins. In general, replication-competent retroviruses have a common gene organiz~ation that is gag, pol, and env in this order from the 5' end of the genomic RNA (13 (14) , which is similar to ATLV (5), is identical to a part of this 48,000-dalton protein, which starts from proline at position 1, 192 , as marked in Fig. 2 (15) . Thus, the first large open frame appears to be the gag gene coding for a gag-precursor protein, Pr48aag. To form p24, the Pr489ag should be cleaved into at least three proteinsthat is, a 14,000-dalton protein from the NH2-terminal, a 24,000-dalton protein from the middle, and a 9,000-dalton protein from the COOH terminal portions of the Pr489ag. The molecular masses of the presumed polypeptides may correspond to the 17,000-, 24,000-, and 11,000-dalton proteins, within the limits of experimental errors; these proteins were found previously to be associated with ATLV virions (4) . pol gene. In animal retroviruses, the poi gene is located after the gag gene and is translated into the gag-pol polyprotein by changing the reading frame after splicing of the genomic RNA (ref. 16) or by suppressing one termination codon, which appears after the gag gene in the frame (17) . Because ATLV has the general structural features of the retrovirus genome, such as LTR structure and tRNA binding site (7) , it is reasonable to expect that ATLV has the usual gene organization. Thus, the second reading frame from GGC at position 2,498 to TAA at position 5,185 is expected to be the poi gene coding for reverse transcriptase. This is the largest open frame and it can code for C-) C E :
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$. it-so .Ito0-W0UC 0..14 00 00 iti-ioo . a0 aZ) 1.04 ;.t. . The third large open frame, which starts at the ATG codon at position 5,180 and terminates with the TAA codon at position 6,644, has the capacity to code for a 54,000-dalton protein composed of 488 amino acids. This frame and the predicted amino acids have the following features in common with the env gene products of animal retroviruses. (i) The ATG codon at position 5,180 for initiation of the 54,000-dalton protein is located within the putative po gene overlapping by 5 bases. Similar overlappings between po1 and env are also observed in Rous sarcoma virus (D. Schwarz, R. Tizard, and W. Gilbert, personal communication) and murine leukemia virus genomes (18) . (ii) About 20 amino acids of the NH2-terminal. portion are rich in hydrophobic residues, and this characteristic is similar to that of signal peptides proposed for the env gene product of Rous sarcoma virus and murine leukemia virus (18) . (iii) The 54,000-dalton protein contains five possible sites for glycosylation-that is, Asn-X-Thr/Ser sequences (19) at positions 5,597, 5,843, 5,909, 5,993, and 6,389. Because the env gene products are generally glycoproteins, presence of the sites for glycosylation is expected to be essential, although it may not be enough. The product of the env of ATLV or HTLV has not been identified, but the characteristics of the putative 54,000-dalton protein described above suggest that this open frame is the env gene rather than the onc gene.
Other genes? In addition to gag, poi, and env, the ATLV sequence determined has four extra open frames, as indicated in Fig. 2 , which have capacities to code for proteins pX-I to pX-IV, with molecular masses of 11,000, 10,000, 12,000, and 27,000 daltons, respectively. Although the presence of these proteins C GCCCTACCTGAGGCCGCCATCCACGCCGGTTGA G 7 in infected or leukemia cells remains to be studied, some of them might have functions in the process of transformation of infected T cells. If some of these sequences have the common features with the known onc genes in acute leukemia viruses, similar nucleotide sequences are expected to be present in normal human DNA. However, the subcloned DNA fragment containing this region did not significantly hybridize with normal human DNA in Southern blotting analysis. This preliminary result indicated that the region containing four extra open frames is not homologous with the human c-onc genes. Similar experiments using the other parts of viral DNA fragments suggested that ATLV has no onc gene derived from the human genome; however, it is possible that ATLV may contain a gene that is involved in induction of abnormal T-cell proliferation but not derived from the human DNA.
Finally, it should be pointed out that the predicted viral genes or gene products could be tentative, because the provirus analyzed in this paper is that integrated in leukemia cells, and we have no direct evidence for the replicative competence of this provirus, including the viral infection.
